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O estudo objetivou avaliar o perfil taxonômico e predizer o perfil funcional do 
biofilme de pacientes com periodontite agressiva generalizada (GAgP) em terapia de 
manutenção periodontal. Foram avaliados os dados clínicos e microbiológicos de dez 
pacientes no baseline e pós-tratamento periodontal associado a terapia de suporte 
(SPT) (5.7±1.3 anos), os quais foram comparados a pacientes periodontalmente 
saudáveis (n=15). A análise do microbioma subgengival foi realizada pela técnica do 
sequenciamento do gene 16S rRNA e a predição funcional foi realizada a partir dos 
dados gerados com o sequenciamento utilizando a ferramenta Phylogenetic 
Investigation of Communities by Reconstruction of Unobserved States (PICRUSt2). 
Clinicamente, SPT promoveu uma redução significativa da profundidade de 
sondagem, o sangramento à sondagem e o número de bolsas residuais (p<0.05), além 
disso, não houve perdas dentárias. A análise do microbioma revelou que houve 
diferenças na ß-diversidade entre o grupo saúde e o grupo GAgP, no baseline e pós-
tratamento. Os grupos apresentaram padrões distintos de co-ocorrência, com o grupo 
GAgP baseline apresentando o maior networking entre espécies. O aumento nas 
correlações de Streptococcus e uma redução na contribuição de Treponema 
caracterizou o grupo GAgP SPT que ainda assim apresentou um padrão distinto se 
comparado a saúde. Funcionalmente, apesar do tratamento periodontal ter reduzido 
a abundância de genes específicos relacionados à proteína flagelar (K02385) e sensor 
histidina quinase (K07777), a comparação simultânea do grupo GAgP baseline e 
tratado com saúde revela a manutenção de alguns genes independente da terapia 
periodontal. Dessa forma, a longo prazo, o tratamento periodontal promoveu 
mudanças na composição taxonômica, embora uma persistência de genes no biofilme 
subgengival de pacientes com GAgP tenha sido observada. 
 









The study aimed to evaluate the taxonomic profile and predict the biofilm's 
functional profile in generalized aggressive periodontitis (GAgP) patients undergoing 
periodontal maintenance therapy. The clinical and microbiological data of ten GAgP 
patients at baseline and after periodontal treatment (SPT) (5.7 ± 1.3 years of follow-
up) were evaluated and compared with data from fifteen periodontally healthy patients. 
The subgingival microbiome analysis was performed using 16S rRNA gene 
sequencing, and the functional prediction was performed from the data generated by 
the sequencing using Phylogenetic Investigation of Communities by Reconstruction of 
Unobserved States (PICRUSt2) tool. Clinically, patients on maintenance therapy 
presented a reduction in probing depth, bleeding on probing, and the number of 
residual pockets from baseline (p <0.05) and no tooth loss was observed for any 
patients during this period. The microbiome analysis revealed differences in ß-diversity 
between the health and the GAgP groups at baseline and after treatment. The groups 
showed distinct co-occurrence patterns, with the GAgP baseline group presenting the 
largest networking module among species. The increase in Streptococcus correlations 
and a reduction in the contribution of Treponema characterized the GAgP SPT group, 
which still presented a distinct pattern when compared to health. Functionally, although 
the periodontal treatment reduced the abundance of specific genes related to flagellar 
protein (K02385) and sensor histidine kinase (K07777), the simultaneous comparison 
between GAgP groups and health revealed the maintenance of some genes 
regardless of periodontal therapy. Thus, in the long-term, periodontal treatment 
promoted taxonomic composition changes associated with the persistence of genes in 
the subgingival biofilm of patients with GAgP. 
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A periodontite agressiva generalizada é uma forma severa de doença 
periodontal caracterizada por uma resposta imuno-inflamatória desregulada, 
associada a um biofilme disbiótico. O desequilíbrio entre agressões do biofilme e 
resposta do hospedeiro resulta em destruição óssea e perda de inserção conjuntiva, 
que se não tratada pode levar à perda dos dentes (Albandar, 2014a; 2014b; Armitage, 
1999; Deas and Mealey, 2010). O conhecimento atual a respeito das características 
etiopatogênicas associadas a esse fenótipo de doença não é suficiente para explicar 
as severas manifestações clínicas e nem para caracterizá-la como uma categoria 
distinta de doença, sendo atualmente classificada como Periodontite estágio III-IV e 
grau C (Caton et al., 2018).  
 Estudos apontam que a Periodontite agressiva generalizada possui um maior 
risco para recorrência de doença e perda dentária (Teughels et al., 2014; Baumer et 
al., 2011), além disso, o grau C e maiores estágios de doença estão associados a 
maiores riscos de perda dentária ao longo do tempo (Ravidà et al. 2021). A 
administração de antibióticos sistêmicos adjuntos a terapia periodontal não-cirúrgica 
vem sendo a alternativa terapêutica mais bem-sucedida no tratamento periodontal em 
termos de melhoria dos parâmetros clínicos (Guerrero et al., 2005; Casarin et al., 
2012; Mestnik et al., 2012; Aimetti et al., 2012; Rabelo et al., 2015); Teughels et al., 
2020). Entretanto, a manutenção a longo prazo de um periodonto saudável associado 
a uma comunidade subgengival simbiótica ainda não é um objetivo previsível, visto 
que evidências recentes mostram que a melhoria clínica de pacientes com 
periodontite severa após o tratamento não está necessariamente atrelada a uma 
completa rebiose do ambiente subgengival (Feres et al., 2020; Hagenfeld et al., 2018). 
Dessa forma, questiona-se o papel da comunidade microbiana subgengival a 
longo prazo e se isso pode influenciar a recorrência da doença. De maneira geral, o 
tratamento periodontal promove mudanças no biofilme subgengival, com alterações 
nas proporções relativas de bactérias do complexo vermelho de forma a reestabelecer 
um ambiente mais compatível com saúde (Laksmana et al., 2012; Feres et al., 2020). 
Entretanto, recentemente foi demonstrado em pacientes com Periodontite agressiva 
após cerca de 7 anos de tratamento periodontal que existem diferenças 
microbiológicas a nível subgengival de sítios tratados com sucesso e sítios com 
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doença persistente; nesses, o biofilme apresentou maior diversidade microbiana e 
estava relacionado a mais características associadas com disbiose, evidenciando o 
papel da comunidade subgengival na recorrência da doença (Nibali et al., 2020).  
O conhecimento que se tem de comunidade subgengival atualmente é baseado 
principalmente na identificação da taxonomia constituinte do biofilme, entretanto, o 
perfil funcional dessa comunidade ainda permanece pouco explorado nos estudos de 
microbioma. Uma vez que identificamos as espécies presentes em determinado 
biofilme, o papel exercido pelos constituintes do mesmo somente pode ser inferido. 
Evidências emergentes apontam que apesar das similaridades taxonômicas, 
diferentes padrões de doenças periodontais podem apresentar diferentes perfis 
metagenômicos e isso pode estar relacionado com as manifestações clínicas 
particulares de cada condição (Altabtbaei et al., 2020).  
A compreensão do perfil funcional da comunidade, ou seja da identificação de 
genes expressos, pode promover uma visão mais ampla de todo o contexto ecológico 
da comunidade e indicar possíveis vias relacionadas aos processos patológicos 
relacionadas à resposta do tratamento periodontal, visto que a expressão gênica in 
vivo é influenciada por diferentes interações metabólicas que por sua vez é uma 
dinâmica que varia de acordo com o ambiente (Deng et al., 2018; Proctor et al., 2019).  
Levando em consideração que a Periodontite agressiva generalizada é uma 
forma severa de doença associada à dificuldade de controle clínico em que ainda não 
há espécies-chaves associadas a esse fenótipo de doença nem um perfil 
microbiológico pós-tratamento específico relacionado ao sucesso terapêutico, faz-se 
necessário investigar a contribuição do perfil funcional desse biofilme no tratamento 
dessa doença. 
Portanto, o objetivo do estudo é avaliar o perfil taxonômico e, a partir dele, 
predizer o conteúdo funcional metagenômico do biofilme subgengival de pacientes 
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Aims: The aim was to evaluate the taxonomic and predicted functional content of the 
subgingival microbiome of generalized aggressive periodontitis (GAgP) patients in supportive 
periodontal therapy. 
Methods: Clinical and microbiological data were assessed from GAgP patients at baseline 
and after supportive periodontal therapy (SPT) (5.7±1.3 years) and periodontally healthy 
controls. Taxonomic and predicted functional analyses of subgingival biofilm were performed 
from 16S rRNA gene sequencing data. 
Results: GAgP patients under SPT presented overall clinical improvements. ß-diversity was 
different between GAgP and Health, both at baseline and after SPT. Moreover, although 
diversity did not statistically change between baseline and after SPT in GAgP, a change in 
core microbiome was observed. Based on predicted functional data, the treatment induced a 
reduction in some gene’s abundance. However, some KEGGS persisted in higher abundance 
in microbial community regardless periodontal therapy and SPT.  
Conclusion: The periodontal treatment in GAgP patients promoted changes in taxonomic 
composition and some genes abundance; however, there was a persistence of subgingival 
biofilm genes in patients with GAgP. 
Keywords: aggressive periodontitis, supportive periodontal therapy, microbiome. 
 
Clinical Relevance  
Scientific rationale for study: The subgingival communities’ functional roles in generalized 
aggressive periodontitis after periodontal treatment is still underexplored. 
Principal findings: Although clinical improvements have been seen, complete rebiosis - 
taxonomically and predictive functionally - was not achieved. Besides, it is possible that some 
genes persist in subgingival environment independent of clinical changes and microbiome 
shift, and they may be related to the clinical response of this disease phenotype. 
Practical implications: Further investigation of key genes related to disease occurrence and 








Severe generalized aggressive periodontitis (GAgP) (currently Stage 3-4, 
Grade C, periodontitis) (Caton et al., 2018), is still a challenge to be controlled, and 
achieve periodontal health. Furthermore, it is still unclear the etiopathogenic features 
that could explain this disease phenotype. Although the combination amoxicillin plus 
metronidazole adjunctively to nonsurgical therapy increases the success rate of 
periodontal treatment (Casarin et al., 2012; Mestnik et al., 2012; Rabelo et al., 2015; 
Teughels et al., 2020), long-term maintenance of a healthy periodontium associated 
with a symbiotic subgingival community is not a predictable goal. A higher risk for 
disease recurrence and tooth loss, have been described (Bäumer et al., 2011; 
Teughels et al., 2014), and Grade C and higher disease stages were associated with 
an increase chance of tooth loss over a long-term follow-up period, especially in 
generalized phenotypes (Ravidà et al., 2021). Meanwhile, the subgingival biofilm's 
microbiological characterization in patients undergoing maintenance therapy and their 
relationship with disease recurrence remain poorly elucidated.  
In Grade C youngers subjects, evidence shows that the improvement in clinical 
parameters after periodontal treatment does not necessarily occur along with a 
complete rebiosis (Feres, Retamal-Valdes, Fermiano, et al., 2020; Velsko et al., 2020) 
or a considerable reduction in periodontopathogens (Hagenfeld et al., 2018). Recently, 
long-term characterization of the subgingival microbiome demonstrated that sites with 
the active disease showed a more diverse and dysbiotic microbiota than successfully 
treated sites, reinforcing the importance of community's role in the persistence of 
disease even after treatment (Nibali et al., 2020). 
The current knowledge about subgingival bacterial communities comes mainly 
from a taxonomic perspective. However, the functional profile of what those bacteria 
express in this environment is still unexplored. Some studies indicated a differential 
behavior of specific bacteria grown in vitro and of those same when they are present 
in the dynamics of the subgingival environment, due to the extensive metabolic 
interactions (e.g., human host, other microorganisms) that modulates the entire 
community gene expression (Deng, Sztajer, Jarek, Bhuju, & Wagner-Döbler, 2018). 
Furthermore, recent evidence demonstrates that, despite the taxonomical similarity, 
the microbial community presents different genomic content and functional capabilities 
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in different disease phenotypes, which can be related to the different periodontal 
destruction patterns observed in each condition (Altabtbaei et al., 2021). Thus, 
understanding the metagenomic content and the community's functional profile may 
provide a more complete picture of the entire ecological context and clarify the 
mechanisms involved in pathological processes (Deng et al., 2018; Kilian et al., 2016). 
However, there is no study describing how the treatment affects the metagenomic 
content and the biofilm behavior, and how it could be related to response to treatment 
and disease recurrence. 
Therefore, the present study aimed to evaluate the taxonomic and predicted 
functional content of the subgingival microbiome of patients with generalized 
aggressive periodontitis during supportive periodontal therapy. 
 
MATERIALS AND METHODS 
Study design  
 Clinical and sequencing data from patients included in previous studies of 
Piracicaba Dental School, University of Campinas, Brazil, has been retrospectively re-
evaluated (Casarin et al., 2012; do Vale et al., 2016; Monteiro et al., 2021). The 
datasets generated by the study mentioned above are available in the Sequence Read 
Archive (SRA) repository: https://www.ncbi.nlm.nih.gov/sra/PRJNA606501.  
Study Population  
Study design enroll 3 groups: 1) Health (n=15): periodontally healthy patients; 
2) GAgP Baseline (n=10): patients with active periodontitis; 3) GAgP SPT (n=10): 
same GAgP Baseline patients, after completed active periodontal therapy (at least one 
year) and included in regular supportive periodontal therapy (SPT) (Supplemental File 
1). 
The inclusion criteria for the healthy group were: 1) no history of attachment 
loss; 2) absence of periodontal pockets: gingival sulcus with PD ≤ 4mm; 3) absence of 
radiographic proximal bone loss; 4) at least 20 teeth in the oral cavity; 5) good systemic 
health. For the GAgP group were: 1) GAgP diagnosis at first attendance (currently 
classified as stage III/IV generalized grade C periodontitis); 2) <35 years of age at the 
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time of diagnosis; 3) at least 8 teeth with probing depth (PD) and clinical attachment 
level (CAL) ≥ 5mm (with at least 2 sites with PD ≥ 7mm) at diagnosis; 4) at least 20 
teeth in the oral cavity; 5) good systemic health.  
The exclusion criteria for both groups were: 1) use of orthodontic devices; 2) 
use of antibiotics and chronic anti-inflammatory medication six months before biofilm 
collection; 3) motor condition disorders; 4) current/past smoking or diabetes. 
Additionally, patients who reported use antibiotics during maintenance therapy due to 
periodontal treatment, did not compliant with SPT (less than 2 visits/year) or needed 
further surgical treatment, were excluded. 
 All patients were clinically evaluated for the following periodontal metrics: 
plaque index (PI), probing depth (PD), bleeding on probing (BoP), and clinical 
attachment level (CAL). Experienced and calibrated examiners (intraclass 
correlation<92%) performed the clinical assessments. 
Active Periodontal treatment and Supportive Therapy 
All GAgP patients received active nonsurgical periodontal therapy, consisting of 
one session for prophylaxis, supragingival calculus removal, and oral hygiene 
instructions and, after 30 days, nonsurgical therapy, using an ultrasonic scaler 
(Cavitron, Dentsply, Rio de Janeiro, BR) with subgingival tips (Hu-Friedy, Chicago, IL, 
USA). Patients’ systemic administration of 375mg amoxicillin and 250mg 
metronidazole (8/8 hours - 7 days) were performed once, adjunctively to the first or 
second (when clinical improvement has not been achieved at first) round of subgingival 
debridement. Patients were maintained in the treatment active phase until they achieve 
an adequate periodontal condition (≤4 sites with PD ≥5mm) (Feres et al., 2020). After 
the periodontal treatment, the patients were enrolled in SPT and recalled at least twice 
a year for oral hygiene reinforcements and supra/subgingival debridement if 
necessary. Clinical and demographical data were compared through Chi-Square and 
ANOVA/Tukey tests (α=5%) 
 
Samples Collection 
The sample collection of GAgP patients were performed twice: at baseline 
(before any clinical intervention) and after the supportive periodontal therapy (SPT 
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group). The SPT group's collection time was corresponding to the last visit before the 
study enrollment, at 2014, when Healthy group individuals were also sampled. The 
collected sites were the ones with the deepest PD of one molar and incisor in the 
maxillary arch and one molar and incisor in the mandibular arch. The SPT group 
samples were collected from the same baseline sites. Following supragingival biofilm 
removal and isolation with cotton rolls, a sterile paper point (Nº35) was inserted into 
the bottom of the periodontal pocket/gingival sulci for 30s and collected as a pool. The 
paper points were placed into sterile tubes containing 300 μL of Tris-EDTA 0.5mM and 
stored at -20°C until DNA isolation, using Qiagen MiniAmp kit (Valencia, CA). DNA 
samples were kept at -80°C and the samples’ sequencing from all groups were 
performed simultaneously.  
 
Microbiome Analysis 
The detailed protocol for the microbiome analysis was previously described by 
Monteiro et al 2021. Briefly, it consists of 1) sequencing of V1-V3 and V4-V5 regions 
of the 16S rRNA gene using the Illumina Miseq platform; 2) analysis of generated 
sequences was performed using QIIME1.9.041 (Caporaso et al., 2010) and 
PhyloToAST (Dabdoub et al., 2016), and the sequences were clustered in operational 
taxonomic units (OTUs) at 97% similarity using the UCLUST method (Chen et al., 
2010); 3) the taxonomic identity were assigned by alignment to Human Oral 
Microbiome Database (HOMD) using the Blastn algorithm at 97% identity; 4) alpha 
diversity was estimated by Shannon indexes and the differences evaluated by Kruskal-
Wallis test; 5) beta diversity was estimated by Bray-Curtis dissimilarity index, the 
differences were tested using the PERMANOVA test with 999 permutations and plotted 
by the Linear Discriminant Analysis (LDA); 6) the core species were characterized for 
presence in at least 75% of the patients in each group. 7) analysis of bacterial network 
correlations was performed by SparCC pipeline (p<0.01, r>0.75) (Pylro et al., 2014), 
and network graphs were visualized using the Gephi (Bastian, Heymann, & Jacomy, 
2009). 
The functional microbial content was predicted based on the 16S rRNA gene 
sequencing data using the PICRUSt2 (Douglas et al., 2020) implemented with the 
QIIME2. This analysis was derived from the observation of an association between 
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phylogeny and genetic content. The merged long sequences were functionally 
annotated using the Kyoto Encyclopedia of Genes and Genomes (KEGG) 
bioinformatics database. The KEGG Orthology (KO) clustering was analyzed using a 
heatmap to visualize the differences between groups. The KO differentially abundant 
between groups were identified using the DESeq2 (Love, Huber, & Anders, 2014), 
considering the FDR adjusted p-value of 0.1 as significant.  The KO differences 
between GAgP baseline vs. Health and GAgP SPT vs. Health were described as GAgP 
signature independent of periodontal treatment; The GAgP baseline vs. GAgP SPT 
differences were described as a response to periodontal treatment. 
 
RESULTS 
 The clinical data for groups is observed in table 1. Periodontal therapy and SPT 
improved all clinical parameters (p<0.05). Additionally, GAgP patients lost no teeth 
during SPT, which lasted 5.7±1.3 years.  
Table 1. Demographic and clinical data for Health, GAgP baseline, and GAgP SPT 
groups. 
 Health (n=15) GAgP (n=10) 
Time of SPT (years) - 5.7±1.3 
  Baseline SPT 
Age (years) 36.46 ± 3.81 28.7 ± 2.5* 37.1 ± 3.8† 
PI (%±SD) 34.2 ± 14.1 33.6 ± 4.6 30.7 ± 13.7 
BoP (%±SD) 25.5 ± 12.3 43.4 ± 31.5* 34.4 ± 6.3*† 
Sites ≥ 5mm PD (%±SD) 0 33.3 ± 8* 6 ± 3.9*† 
Remaining teeth 
(number±SD) 
27.2 ± 1.1 24.3 ± 4.9 24.3 ± 4.9 
PD collected sites (mm±SD) 3.1 ± 0.4 6.5 ± 0.8 4.3 ± 0.7† 
* Represents differences between GAgP and Health (p<0.05, Student's t-test); † Represents 
differences between GAgP baseline and GAgP SPT (p<0.05, paired Student's t-test). SD-
Standard deviation; PI- Plaque index; PD- Probing depth; BoP- Bleeding on Probing. 
 
Periodontal therapy and SPT resulted in taxonomic shifts in the microbiome, 
however, the community was significantly different from those without disease 
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experience. Figure 1 demonstrates the differences in the subgingival microbiome 
between groups. No differences in the alpha diversity (Figure 1A) were identified 
among groups (p=0.25). For the β-diversity, on the other hand, differences between 
GAgP and Health were observed (Health x GAgP baseline, p=0.02; Health x GAgP 
SPT, p=0.05). Considering GAgP groups, β-diversity was not statistically shifted after 
therapy (GAgP baseline x GAgP SPT, p=0.96). These results can be observed on the 
LDA plot (Figure 1B), where the health samples were clustered separated from GAgP 
and some GAgP samples from SPT groups still remain grouped with baseline ones, 
suggesting some stability in community, even after clinical improvements. 
 
Figure 1. Differences in microbial diversity between groups. A) α-diversity, Shannon index. No 
differences observed between groups (Kruskal Wallis test, p=0.25). B) β-diversity, represented 
in the LDA of Bray-Curtis Dissimilarity Index. Health x GAgP baseline: p=0.02; Health x GAgP 
SPT: p=0.05; GAgP baseline x GAgP SPT: p=0.96 (PERMANOVA test). 
 
 Figure 2 indicates distincts core microbiomes for each group. A bigger core was 
identified in the GAgP, with species such as P. gingivalis and F. alocis being exclusive 
from this group. Other species belonging to the genera Prevotella, Capnocytophaga, 
Tannerella, and Selenomonas were also exclusive for GAgP. SPT promoted an 
inclusion of 31 species (9 of them shared exclusively to health community) and 
exclusion of 16 at core microbiome of treated subjects. Streptococcus and Gemella 









Figure 2. Core microbiome in Health, GAgP baseline, and GAgP SPT. Were considered the 
core microbiome, the species presented in at least 75% of the group's subjects.  
 
  
The co-occurrence network analysis revealed distinct correlation patterns 
among the groups (Figure 3). The GAgP baseline showed the most significant network 
module (313 correlations), and an increase in the number of correlations of 7.5-fold 
compared to health (42 correlations) and 2.3-fold from GAgP SPT (136 correlations) 
(Fig. 3A). Moreover, SPT changed the pattern of correlations in GAgP - two sparse 
hubs describe the microbiome co-occurrence network in GAgP SPT (Fig. 3B) 
characterized by congeneric correlations and a shift of 2-fold increase in Streptococcus 
percentual contribution and a decrease of Treponema correlation for less than 1%. 
Although an approximation between GAgP and Health occurred after treatment, a 
different co-occurrence pattern is still observed, in which Actinomyces (23%), 
Streptococcus (21%), Prevotella (17%), and Peptostreptococcaceae (14%) drove the 







Figure 3. Network analysis of co-occurrence between each group's species by SparCC 
correlations (r=0.6, p<0.05). The green edges represent a positive correlation, while red edges 
represent a negative correlation between nodes. Each note represents one bacterium, and the 
node size is proportional to the number of correlations presented by it. 
 
Besides the taxonomic evaluation, the sequences were used to predict the 
biofilm's metagenomic content and functional profile (Douglas et al., 2020). The 
Heatmap of the predicted Kegg Orthology (KO) (Figure 4) gives an overview of how 
the 5500 predicted genes were distributed according to their similarity in groups. In 
GAgP patients, the predictive metagenomic analysis revealed some changes in 




Figure 4. Evaluation of predicted KO (Kegg Orthology) genes by microbial community 
identified through Picrust2. Heatmap of KO identified in each group. Colors in the map reflect 
the relative abundance from low (dark green) to high (yellow) 
 
Periodontal treatment and supportive therapy in long-term provided a reduction 
in subgingival abundance of genes related to bacterial motility (K02385) and signal 
transduction system (K07777), as well as an increase in genes related to DNA repair 
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(K16841, K01971), transcription factors (K12875), carbohydrate metabolism (K00034 
and K00025) and amino acids metabolism (K15372). 
 
Table 2. Overabundant genes in GAgP SPT x GAgP baseline group. 
KEGG Gene definition Log2 Fold Change                 
K02385 
 
flagellar protein FlbD -1,62 
K07777 
 
two-component system, NarL family, sensor 









DNA end-binding protein Ku 2,27 
K00034 
 
glucose 1-dehydrogenase 2,38 
K00435 
 
hydrogen peroxide-dependent heme synthase               2,56 
K09472 
 
4-(gamma-glutamylamino)butanal dehydrogenase 2,57 
K15372 
 
taurine---2-oxoglutarate transaminase 2,96 
K12875 
 





malate dehydrogenase 3,03 
K03863 
 
vanillate monooxygenase ferredoxin subunit 3,22 
K07346 
 
fimbrial chaperone protein 3,28 
K01563 
 
haloalkane dehalogenase 3,37 
K16079 
 






On the other hand, GAgP patients, in spite of baseline or post-SPT, presented 
predicted metagenome content consistencies when both were compared to healthy 
patients, and the KO differential abundance analysis identified the persistent genes in 
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the GAgP microbial community (Table 3). KOs differentially abundant were described 
in fold change in the GAgP baseline and SPT groups in relation to health group. In 
GAgP groups, most abundant genes are related to signaling and cellular processes 
(K02168, K00885, K03762, K06609 and K19123), including quorum sensing (K09936). 
Besides, some of those genes are associated to carbohydrates metabolism (K00045, 
K00854, K16147 and K16148) and transporters (K02168, K03762, K06609). While the 
health group presented a gene abundance profile related to toxin-antitoxin system 
(K19165), translation (K14164), glycan biosynthesis and metabolism (K00737, 
K14335) and carbohydrates metabolism (K01232, K05342 and K03339). Interestingly, 
those genes higher abundant at baseline - compared to health - maintained increased 
in the SPT group, which suggests a persistence of some genes at the diseased site's 
metagenomic profile even after active periodontal therapy. 
 
Table 3. Overabundant genes in GAgP baseline x health and GAgP SPT x health. 
KEGG Gene definition 
Log2 Fold 
Change GAgP 
Base X Health 
Log2 Fold 
Change GAgP 
SPT X Health 
K00045 
 
mannitol 2-dehydrogenase 1,76 1,31 
K00854 
 
xylulokinase 1,53 1,15 
K02168 
 
holine/glycine/proline betaine transport protein 1,32 1,36 
K03762 
 










MFS transporter, SP family, major inositol 
transporter 
  1,42   1,19 
K09936 
 
bacterial/archaeal transporter family-2 protein 1,98 2,31 
K16147 
 
starch synthase (maltosyl-transferring) 1,11 1,48 
K16148 
 
alpha-maltose-1-phosphate synthase 1,21 1,59 
K19123 
 
CRISPR system Cascade subunit CasA 1,43 1,31 
K01232 
 
maltose-6'-phosphate glucosidase -2,06 -2,29 
K19165 
 
antitoxin PhD -2,10 -1,87 
K14335 
 





cyclohexadienyl dehydratase -2,42 -2,13 
K05342 
 
alpha,alpha-trehalose phosphorylase -2,45 -1,95 
K19212 
 
beta-lactamase class D OXA-63 -2,54 -2,23 
K14164 
 











GAgP Base X Health - comparison of gene abundance between generalized aggressive 
periodontitis baseline and health; GAgP SPT X Health – comparison of gene abundance 
between generalized aggressive periodontitis patients in supportive periodontal therapy and 
health. 
   
 
DISCUSSION  
This study explores the predictive functional features of the subgingival 
microbiome in severe periodontal patients under maintenance therapy, demonstrating 
the microbiome predicted functional profile even after good clinical outcomes a 
persistence of a metagenomic content. This analysis showed an insight into how the 
GAgP subgingival biofilm behaves after long-term clinical stability, and how this 
achieved condition differs the subgingival environment of individuals without disease 
experience. Although the post-treatment predicted functional data revealed a reduction 
in the abundance of genes that may be related to bacterial virulence, there were 
observed a persistence of metagenomic content regardless the periodontal treatment, 
which may be related to GAgP disease phenotype. 
Clinically, the periodontal therapy provided satisfactory results with a significant 
decrease in PD and BoP and no additional tooth loss after SRP+antimicrobial and SPT, 
which lasted approximately 6 years in the present study. Evidences demonstrates the 
clinical benefits of periodontal mechanical therapy combined with antimicrobials, 
especially amoxicillin plus metronidazole, in treating GAgP patients (Casarin et al., 
2012; Guerrero et al., 2005; Rabelo et al., 2015), leading to a significant impact on the 
percentage of pocket closure at 6 and 12 months (Teughels et al., 2020). However, 
the maintenance of those long-term improvements depends on regular supportive 
periodontal therapy since it provides stability of treated sites (Müller Campanile et al., 
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2019). Particularly in GAgP patients, the complete pocket closure is challenging 
compared to chronic and localized aggressive periodontitis phenotypes, and a higher 
risk for tooth loss was also demonstrated (Bäumer et al., 2011; Dopico, Nibali, & 
Donos, 2016; Teughels et al., 2014). Considering the current classification based on 
grade-stage (Caton et al, 2018), higher staging, grading, and generalized periodontitis, 
as observed in the GAgP patients in the present study, make the disease harder to 
control (Ravidà et al., 2021).  
Despite clinical improvements, SRP+SPT did not promote enough taxonomic 
changes capable of shifting the microbiome to one related to individuals without 
disease experience, even when shallow pockets were achieved, as previously 
described in patients with history of chronic periodontitis (Lu et al., 2020). However, 
alterations in the community's prevalence were observed, resembling therapy's impact. 
Species commonly associated with the disease, such as P. nigrescens, P. gingivalis 
and Filifactor alocis (Socransky et al.,1998) and Selenomonas sp.(Gonçalves et al., 
2012) were exclusive on GAgP baseline core, while Streptococcus constellatus and 
Leptotrichia wadei were core integrant of Health and GAgP SPT, simultaneously and 
exclusively. Interestingly, although the treatment promoted alteration in the core 
species, the most significant taxonomic differences were reported for the species co-
occurrence network. While in disease activity, species belonging to Prevotella, 
Treponema and Fusobacterium genera present great importance in the co-occurrence 
network, a substantial increase in the Streptococcus and reduction in the Treponema, 
as well as an increase in the congeneric correlation pattern, was observed after 
treatment. The higher level of intergeneric partnership in the GAgP baseline network 
can be supported by a higher complexity of the subgingival environment in a diseased 
site (Griffen et al., 2012), characterized by microenvironments with distinct nutritional, 
pH, and oxygen tension (Takahashi, 2015), and a complex metabolic, nutritional and 
structural interdependency in the community  (Kilian et al., 2016; Kolenbrander, 
Palmer, Periasamy, & Jakubovics, 2010). For the treated sites, the reduction in the PD 
and clinical inflammation levels could potentially modulate the environmental condition 
and affect the bacterial network and biofilm behavior (Deng et al., 2018; Lamont, Koo, 
& Hajishengallis, 2018). 
Meanwhile, the current understanding of community  focuses on composition 
but also on the functional analysis of microbial communities (Deng et al., 2018). 
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Changes in biofilm community can affect the communities' functional capabilities and 
impact disease progression/stability. Differential analysis of KOs on GAgP SPT versus 
GAgP baseline revealed, for example, a reduction on abundance of flagellar protein, 
related to bacterial motility and signal transduction system gene by periodontal 
treatment, both genes related to biofilm pathogenicity. Flagellum is a structure that 
participates in motility and bacterial colonization, and it can be associated with 
virulence by tissue adhesion and promotion of host-pathogen interactions (Haiko & 
Westerlund-Wikström, 2013). Metatranscriptomic analysis revealed the 
overexpression of genes related to several flagellum proteins and biosynthesis in 
periodontitis (Duran-Pinedo et al. 2014), upregulation of genes related to flagella 
biosynthesis by Treponema denticola (Yost et al. 2015) and a filament protein FlaB3 
from Treponema denticola was found as a functional biomarker of disease (Szafrański 
et al., 2015). The sensor histidine kinase system-related gene was another gene 
overabundant in GAgP Baseline. It participates to bacterial signal transduction and 
enable the response to different stimuli and adaptation to a wide range of environments 
(Skerker et al., 2005), which can allow bacterial adaptation and survival in the 
subgingival environment of deep pockets and may be a target gene of future interest.  
Regarding the comparison between health and GAgP genes, the profile of 
genes overabundant in health corroborates previous studies, whose biofilm from a 
healthy environment presented overexpression of genes related to biofilm metabolism 
and formation, carbohydrates metabolism, energy, amino acids and translation by 
tRNA protein (Benítez-Páez et al., 2014). Similarly, using a metagenomic survey, a 
higher abundance of genes related to the metabolism of carbohydrates, amino acids, 
energy were described in health compared to periodontitis (Wang et al., 2013). In our 
study, healthy-associated community also presented an overabundance of antitoxin 
Phd, which is part of a regulatory complex that neutralizes and reverses the action of 
bacterial toxins (Garcia-Pino et al., 2010), suggesting that in this environment, there 
may be a continuous compensatory regulation among members of the community 
which guarantees homeostasis. In general, studies converge to attribute a genetic 
profile related to biofilm formation and primary metabolism to the healthy environment, 
probably due to a predominance of primary colonizers, and because the process of 
maturation requires metabolic and genetic exchanges for environmental adaptation 
(Kolenbrander et al., 2010; Marsh, 2006).  
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However, some of the genes were also highly abundant in GAgP even after 
active therapy and clinical improvement, suggesting a certain resilience of part of the 
metagenomic content. GAgP community presented, for example, an overabundance 
of genes related to cellular processes like quorum sensing, a mechanism that 
guarantee the interspecies communication and survival of periodontopathogens in the 
host subgingival environment (Frias, Olle, & Alsina, 2001; Yuan, Hillman, & Progulske-
Fox, 2005). Moreover, a higher abundance of MFS transporters genes that belongs to 
Major Facilitator Superfamily (MFS) were over-represented in GAgP, at baseline and 
after SPT. MFS genes are related to bacterial drug and multidrug efflux pumps, by 
translocating solutes across the membrane from cation/substrate antiport mechanism, 
it may contribute to clinical resistance (Kumar, Mukherjee, & Varela, 2013). Therefore, 
even though periodontal therapy could promote a long-term clinical improvement, there 
was the maintenance in the abundance of some genes, what could be attributed to 
host identity and, perhaps, contribute to the difficulty in controlling this disease and 
promote a complete rebiosis. 
The persistence of the microbiome genetic background after clinical 
improvement could be linked to i) the inability of the periodontal treatment in promoting 
the return to a symbiotic biofilm state; and/or ii) the impact of host immune response 
in modulating the subgingival environment and so the biofilm composition/behavior 
(Lamont et al., 2018). New evidence suggests a potential role of host response in 
establishing dysbiosis and inflammation as a determinant factor in periodontitis 
pathogenesis (Van Dyke, Bartold, & Reynolds, 2020). In GAgP subjects, a vast number 
of studies suggested that genetic aspects could determine cytokine profile (Schaefer, 
2018; Stolf et al., 2021; Taiete et al., 2019), what can potentially impact the subgingival 
environment and drives colonization. This comprehension of those interfering with the 
microbial community and treatment response is of great interest and should be further 
considered. 
Despite giving interesting insights regarding the biofilm metagenomic content, 
the use of Picrust2 to predict the genetic content is still limited. This tool uses pre-
existing genomes as reference databases, limiting the characterization for new genes 
in the community and the coverage of strain-specific functionalities. Thus, these results 
should still be confirmed by targeted specific approaches and using a higher sample 
size. Despite that, the long-term aspect and the taxonomic/functional findings 
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combined show some resilience of community features, even after periodontal 
treatment, bringing new light about biofilm behavior after therapy and highlighting the 
need for new targets for treatment approaches. 
 
CONCLUSION 
The periodontal treatment in GAgP patients promoted a shift in the biofilm 
taxonomical composition, even not achieving a complete rebiosis. GAgP patients 
presented genes persistent in the microbial community independent of the periodontal 
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